Computational Details
The computational approach is described in detail elsewhere. In summary, the method involves the following steps: (1) A 2 ns classical molecular dynamics trajectory is computed using QM/ MM (QM for the internal degrees of freedom of I, and MD for the intermolecular interactions); (2) The trajectory is sampled at 2 x 10 5 points and spin interaction tensors computed (basis set 6-31G*, MP2 and DFT/B3PW91 for CSA and spin-rotation tensors respectively); Table 1 , molecular oxygen was removed by 10 pump-thaw cycles. The singlet relaxation time constants (TS) for 13 C2-I were measured by using the pulse sequence shown in Figure S1 . For each transient, the sample was first equilibrated for almost one hour in
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Stevanato et al. page / 1 2 Figure S1 . Sequence of events used to estimate TS at different magnetic fields Bev. The M2S and S2M blocks are described in Ref. [4] and are here used with Δ = 4.62 ms, n1=14 and n2=7. The polarization time between successive transients was τpol=3000 s to allow full thermal equilibration. The transport time τtr was between 0 to 8 s, depending on the evolution field Bev. The time τev spent at each field Bev was varied between 1 and 4500 s in 8 steps.
the high magnetic field (9.4 T) and then a magnetization-to-singlet (M2S) pulse sequence was run to convert longitudinal magnetization into long-lived singlet order. The sample was transported into a region of lower field, here indicated as the evolution field Bev. The sample was left for a variable interval ev at this field before to be returned to the high field where the singletto-magnetization (S2M) sequence was applied, and the NMR signal detected. The M2S and S2M pulse sequences are described in detail in Ref [1, 2, 3] . Sample transport was performed using the simple apparatus described in Ref. [1] , which consists of a computer-controlled stepper motor that winds a string attached to the sample holder thus moving the sample along the main field axis. This procedure has the disadvantage that the steep profile of the magnet field may lead to a large difference in field between the top and bottom parts of the sample and hence to large error margins on the magnetic field value.
